Role of two active site Glu residues in the molecular action of botulinum neurotoxin endopeptidase.
Botulinum neurotoxin type A (BoNT/A) light chain (LC) is a zinc endopeptidase that causes neuroparalysis by blocking neurotransmitter release at the neuromuscular junctions. The X-ray crystal structure of the toxin reveals that His223 and His227 of the Zn(2+) binding motif HEXXH directly coordinate the active site zinc. Two Glu residues (Glu224 and Glu262) are also part of the active site, with Glu224 coordinating the zinc via a water molecule whereas Glu262 coordinates the zinc directly as the fourth ligand. In the past we have investigated the topographical role of Glu224 by replacing it with Asp thus reducing the side chain length by 1.4 A that reduced the endopeptidase activity dramatically [L. Li, T. Binz, H. Niemann, and B.R. Singh, Probing the role of glutamate residue in the zinc-binding motif of type A botulinum neurotoxin light chain, Biochemistry 39 (2000) 2399-2405]. In this study we have moved the Glu 224 laterally by a residue (HXEXH) to assess its positional influence on the endopeptidase activity, which was completely lost. The functional implication of Glu262 was investigated by replacing this residue with aspartate and glutamine using site-directed mutagenesis. Substitution of Glu262 with Asp resulted in a 3-fold decrease in catalytic efficiency. This mutation did not induce any significant structural alterations in the active site and did not interfere with substrate binding. Substitution of Glu262 with Gln however, dramatically impaired the enzymatic activity and this is accompanied by global alterations in the active site conformation in terms of topography of aromatic amino acid residues, zinc binding, and substrate binding, resulting from the weakened interaction between the active site zinc and Gln. These results suggest a pivotal role of the negatively charged carboxyl group of Glu262 which may play a critical role in enhancing the stability of the active site with strong interaction with zinc. The zinc may thus play structural role in addition to its catalytic role.